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(54) CARBON ELECTRODE AND METHOD AND DEVICE FOR ELECTROLYZING I 
CONTAINING FUSED SALT BY USING THIS ELECTRODE 

(57)Abstract: 

PURPOSE: To provide the carbon electrode which 
eliminates the danger of destruction (by the formation of 
an intermetallic compd.) in the joint part with the 
terminal part for energization to the anode of the 
electrolyzing device and the danger of local destruction 
and slow partial peeling (by lack of mechanical strength) 
at the time of using the carbon electrode as the anode 
for electrolysis of an HF-contg. fused salt. 
CONSTITUTION: This carbon electrode consists of a 
porous carbon block and has 50MPa bending strength. 
The peak having the max. current density in a single 
sweep voltamogram determined by the potential 
scanning at 5mV/sec potential scanning speed in coned, 
sulfuric acid at 25° C is shorn by >1.2V potential with 
mercuric sulfate as a reference electrode. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The carbon electrode which shows the peak which has the maximum current density in 
the single-sweep-operation voltamogram for which it consists of a porous carbon block, and 
flexural strength is 50 or more MPas, and it asked by the potential scan of potential scan speed 
5 mV/sec in 25-degree-C concentrated sulfuric acid to the potential beyond 1 .2V by using the 
mercury as a reference electrode. 

[Claim 2] The carbon electrode according to claim 1 where this carbon block is characterized by 
having in pore at least one sort of metal fluorides chosen from LiF, NaF, CsF, AIF3, MgF2, CaF2, 
and NiF2. 

[Claim 3] The electrolysis approach that it is in the electrolysis approach of HF content fused 
salt characterized by electrolyzing a carbon electrode according to claim 1 or 2 for the 
electrolytic bath which consists of HF content fused salt as an anode plate, and this HF content 
fused salt is a KF-HF system, a CsF-HF system, a NOF-HF system, a KF-NH4 F-HF system, or 
a NH4 F-HF system. 

[Claim 4] The electrolytic device which is in the electrolytic device of HF content fused salt 
which includes a cell and an anode plate, and cathode, and is characterized by this anode plate 
being a carbon electrode according to claim 1 or 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electrolysis approach of HF content fused 
salt and electrolytic device which use a carbon electrode and it. Furthermore, it not only excels 
in the mechanical strength in detail, but it is chemically stable, and in HF content molten salt 
electrolysis exposed to the fluorine ambient atmosphere which accompanies HF, the 
intercalation compound generation by which knowledge was newly carried out to it being one 
cause of a crack cannot break out easily, electrolysis actuation is made to perform in the stable 
condition, and it is related with a carbon electrode useful although a product with high purity is 
moreover manufactured. This invention relates to the electrolysis approach of HF content fused 
salt and equipment which are characterized by using the above-mentioned carbon electrode as 
an anode plate again. 
[0002] 

[The trouble which a Prior art and invention tend to solve] Electrolysis manufacture of a fluorine 
is mentioned as a typical example of the electrolysis approach of HF content fused salt. 
Generally as a manufacturing method of a fluorine, the moderate temperature method which 
electrolyzes in current and about 90-degree C mixed fused salt of a potassium fluoride and 
hydrogen fluoride is adopted. 

[0003] The bath presentations in a moderate temperature method are KF and 2HF, and the 
reason this is used widely has the low vapor pressure of HF near the melting point, and is for the 
melting point of a bath to be unable to change easily also due to fluctuation of HF concentration 
under bath moreover. As an anode plate of a cell, since a metal cannot be used by anodic 
dissolution, carbon is chiefly used as electrode material. As cathode, on research level, although 
iron, steel, nickel, Monel, etc. are used, industrially, iron is used from acquisition ease and 
economical efficiency, and electrolysis is usually performed by current density 7-13 A/dm2, 
and bath voltage 8.5-1 5V. 

[0004] The electrode reaction in the anode plate and cathode in this electrolysis approach is 
expressed as follows. 
[Formula 1] 

1 

dftffi&ft) (HF) nF~— » Fj + bHF + V (1) 

2 

[Formula 2] 

I 

H*(HF)a+»--» Ha+iHF (2) 

2 

It is known that the following difficult problems will follow on the carbon electrode used in 
electrolysis manufacture of such a fluorine. 

[0005] (b) Although the terminal area for energization to the anode plate in an electrolytic device 
is usually carrying out junction immobilization of the end of a carbon electrode with a copper bolt 
and a copper nut, big destruction of a carbon electrode takes place in this part during 



electrolysis. 

[0006] (b) Generally a porous carbon electrode has few mechanical strengths, and during 
electrolysis, the collapse local also in a location and the gradual partial exfoliation of those other 
than the fixed portion to the terminal area for energization to the above-mentioned anode plate 
occur, and it produces detailed carbon powder (in here). "Gradual partial exfoliation" reacts 
easily with a fluorine, and serves as CF4, and this which means that a carbon electrode breaks 
gradually in the form of omission of the carbon particle from a front face mixes it into the 
fluorine as a product. 

[0007] (c) By the reaction of F2 and a carbon anode plate produced on a carbon anode plate 
during electrolysis, fluoride graphite with very low surface energy generates. In the part which 
the fluoride graphite on a carbon anode plate generated, **** with a bath worsens and serves as 
inactive electrochemically. The effective area of an electrode decreases according to increase of 
the coverage of the electrode surface by fluoride graphite, and true current density increases. 
This is the main causes of the anode plate overvoltage in fluorine electrolysis, and if the 
coverage by fluoride graphite exceeds 20%, a sudden rise of an electrical potential difference will 
be observed and it will become energization impossible. This phenomenon is called the anode 
effect and poses a big problem in the industrial electrolytic decomposition process of HF content 
fused salt. 

[0008] About the anode effect of (Ha), this invention persons have succeeded in the ability of 
the metal fluoride which contains lithium fluoride in the pore of a carbon block to already be 
controlled by sinking in effectively among these troubles (JP.2-47297.A). 
[0009] However, the problem (namely, the big destruction and the local collapse by the fixed 
portion of a carbon electrode, and gradual partial exfoliation) of the above-mentioned (**) and 
(**) is not yet solved, but is a fatal thing in actual electrolysis operation of HF content fused 
salt. Therefore, in order to enable electrolysis of HF content fused salt stabilized [ long 
duration ] and to obtain the product of a high grade, development of a carbon electrode without 
the risk of these destruction and collapse, and exfoliation was desired eagerly. 
[0010] 

[Means for Solving the Problem and its Function] Generally, a carbon electrode grinds petroleum 
coke and pitch coke, uses them as the aggregate, adds a coal-tar pitch and synthetic resin to 
this as a binding material, and consists of kneading and a porous carbon block calcinated [ is 
fabricated and ] and acquired. Under the present circumstances, graphite microcrystal has the 
field where some aligned in a certain direction, it grows up and the aggregate corks used 
progress while heat treatment temperature becomes [ this ] high. 

[001 1] Knowledge carried out [ leading to destruction of the carbon-electrode part by which 
junction immobilization of the lack of the mechanical strength with which this invention persons 
are represented by flexural strength as a result of research was carried out at the terminal area 
for energization to the anode plate separated and located in the upper part of an electrolytic 
bath in the case of electrolysis operation of the chemical behavior of the graphite structure field 
which local destruction of a carbon electrode and gradual partial exfoliation were brought about, 
and also the carbon electrode at the time of electrolysis described above of HF content fused 
salt, and ]. 

[0012] That is, this invention persons found out between the arranged graphite layers being able 
to extend, an intercalation compound arising by the reaction shown in (3) types, carbon material 
expanding remarkably with generation of an intercalation compound, as a result of an interlayer 
spacing's becoming large, and resulting in destruction, when the carbon electrode was put into 
F2 ambient atmosphere where HF was accompanied. 
[Formula 3] 
1 

xC + F t + HF-Ci* HP," (3) 

2 

[0013] In order that this invention persons may lose local destruction or collapse of the problem 
of big destruction of the carbon electrode by generation of this intercalation compound and the 
carbon electrode under electrolysis, and gradual partial exfoliation The above-mentioned problem 



that the carbon electrode which satisfies two requirements that a peak is shown in the potential 
more than specific level in the single-sweep-operation voltamogram which has the flexural 
strength more than specific level, and was called for by the potential scan under specific 
conditions accompanies the conventional carbon electrode is solvable wholeheartedly as a result 
of research. Also unexpectedly the knowledge of the ability to use it for stable operation of 
electrolysis of HF content fused salt and manufacture of a high grade product advantageously as 
an anode plate is carried out, and this invention is reached. 

[0014] Therefore, when the 1st purpose of this invention is used for electrolysis of HF content 
fused salt as an anode plate, it is offering a carbon electrode without the risk of the destruction 
in a part for a joint with the terminal area for energization to the anode plate in an electrolytic 
device, and the risk of local destruction and gradual partial exfoliation. [0015] Moreover, stable 
electrolysis operation is possible for the 2nd purpose of this invention, and it is offering the 
electrolysis approach of HF content fused salt using the above-mentioned carbon electrode as 
an anode plate a high grade product's being obtained. 

[0016] Moreover, the 3rd purpose of this invention is offering the electrolytic device of HF 
content fused salt which does not need to exchange the carbon electrode as an anode plate and 
enables electrolysis of long duration by using the above-mentioned carbon electrode as an 
anode plate. 

[0017] The above of this invention and many other purposes, many descriptions, and many 
profits will become clear from detailed explanation and the detailed aforementioned claim of an 
attached drawing and the following. 

[0018] That is, according to this invention, it consists of a porous carbon block and the carbon 
electrode which shows the peak which has the maximum current density in the single-sweep- 
operation voltamogram for which flexural strength is 50 or more MPas, and it asked by the 
potential scan of potential scan speed 5 mV/sec in 25-degree-C concentrated sulfuric acid to 
the potential beyond 1 .2 V by using the mercury as a reference electrode is offered. 
[0019] Hereafter, the description of the carbon electrode of this invention is explained. If the 
graphite crystal growth in carbon material exceeds the amorphous part surrounding the field as 
for which graphite microcrystal carried out orientation exceeding a carbon particle, it cannot 
happen easily. So, if aggregate corks are pulverized even to several microns or dozens of 
microns, comparatively a lot of pitch binders are added to this and carbon material is made [ that 
the orientation of the graphite microcrystal under organization can be controlled, and ] [ whether 
the corks of a fine mosaic structure are used for the aggregate, and ] Or graphite crystal growth 
could be restricted by using a particle raw material like mesophase microbeads with a particle 
size of several microns, and the knowledge of the ability of the generation reaction of the 
intercalation compound which showed the carbon block with which graphite crystal growth was 
restricted by the above-mentioned (3) formula not to occur easily was carried out. Of course, as 
for the heat treatment temperature for baking for generating a carbon block, it is desirable to be 
carried out at low temperature as much as possible so that graphite crystal growth may not be 
urged. 

[0020] The difficulty nature of the intercalation compound generation about a carbon block can 
be judged in the single-sweep-operation voltamogram (linear sweep voltammogram) for which it 
asked into concentrated sulfuric acid from the potential (as a reference electrode, the 2nd 
mercury electrode of a sulfuric acid is used) which shows the peak at which this carbon block 
has the maximum current density. In addition, the above-mentioned peak corresponds to the 1 st 
stage intercalation compound generation reaction of carbon and a sulfuric acid. 
[0021] The graphite lamellar compound generation reaction of the carbon material in the inside 
of concentrated sulfuric acid is shown by the following (4) types. 
[Formula 4] 

iC + 3H a S0 4 — Cxi-HSO^HgSOft + H^-l-e- (.4 ) 

[0022] (4) In case an intercalation compound arises by the reaction of a formula, it must extend 
between graphite layers, and while performing the potential scan for asking for a single-sweep- 
operation voltamogram, concentrated sulfuric acid diffuses it between graphite layers as layer 



invasion matter. If development of graphite microcrystal is bad, the activation energy to the 
process of expansion between the above-mentioned graphite layers and diffusion of the layer 
invasion matter will become large, and the potential for generating a graphite lamellar compound 
becomes ** as compared with what graphite microcrystal is good and progressed. That is, the 
carbon electrode cannot make an intercalation compound easily, so that it is **** in the 
potential in which the peak (this peak corresponds to the 1 st stage intercalation compound 
generation with carbon and a sulfuric acid) which has the maximum current density in a single- 
sweep-operation voltamogram appears. 

[0023] It is indispensable that set to the electrode of this invention and the peak which has the 
maximum current density in the single-sweep-operation voltamogram for which it asked by the 
potential scan by potential scan speed 5 mV/sec in 25-degree-C concentrated sulfuric acid is 
shown in the potential beyond 1 .2V by using the mercury as a reference electrode (a carbon 
electrode often writes from this the potential which shows this peak as "summit potential"). As 
mentioned above, this peak corresponds to generation of the 1 st stage intercalation compound 
of carbon and a sulfuric acid. The check of generation of the 1 st stage intercalation compound 
can be performed by a stop's investigating a potential scan and investigating a carbon electrode 
in an X diffraction, when this peak is reached. It can begin by satisfying the requirements this 
summit potential of whose is more than 1.2V, and comparatively big destruction [namely, the 
problem of said (b)] of the carbon electrode resulting from expansion by generation of an 
intercalation compound can be lost during electrolysis operation. Summit potential is more than 
1 .3V preferably. 

[0024] Moreover, the local destruction by lack of the mechanical strength of the carbon 
electrode under electrolysis stated to said (b) or collapse, and gradual partial exfoliation make a 
minute carbon block and carbon powder float in an electrolytic bath, since they have large 
surface area while this is activity, will react with F2 gas easily, will generate gas CF4, and they 
will mix it into a request product, F2 [ for example, ]. It is required for preventing this for the 
carbon material which constitutes a carbon electrode to be the thing of high intensity 
mechanically. Therefore, as for the carbon electrode of this invention, it is indispensable to have 
the flexural strength of 50 or more MPas. 55 or more MPas of flexural strength of the carbon 
electrode of this invention are 80 or more MPas still more preferably preferably. 
[0025] In order to obtain the carbon material which satisfies the two above-mentioned 
indispensable requirements For example, [ whether it is made to increase the amount of the 
binder corks which add same weight or the pitch binder beyond it to fines-like aggregate corks 
mostly, and share the role of association, and ] Or [ whether the eburnation of carbon material is 
achieved using the aggregate in which large contraction is shown in a heat treatment phase like 
the corks of a minute mosaic structure, or raw coke, and ] Or it can attain by using the 1 yuan 
system ingredient with which the aggregate and binding material like a deterioration pitch or 
mesophase microbeads were constituted in one. 

[0026] The size says the mosaic what is being distributed uniformly [ a thing 10 micrometers or 
less ] in an isotropic matrix in the process which the minute mosaic structure which says here 
heats a pitch, and a mesophase microsphere generates. If carbon material with such structure is 
heated, a mosaic part will be contracted greatly and a high density ingredient will be obtained. 
[0027] Moreover, the so-called mesophase microbeads obtained by separating the mesophase 
microsphere generated from the pitch as mentioned above remain as it is, and can be 
advantageously used as a raw material of the carbon electrode of this invention as a system 
ingredient. [ of 1 yuan ] 

[0028] If ambient atmosphere control is performed in case a pitch is distilled dryly, in air, in non- 
graphitized-carbon material and nitrogen gas, the precursor of easily-graphitized-carbon material 
can be obtained, these can be said to be a deterioration pitch, and 1 yuan can be too used for 
manufacture of the carbon electrode of this invention as a system ingredient. [0029] That is, the 
carbon electrode of this invention can be manufactured by starting the carbon material from 
which particle size heat-treats the 2 yuan system ingredient which blended the pitch binder 
about 80 to 1 30 weight section like a coal-tar pitch and a petroleum pitch with the aggregate 
corks 100 weight section in which the shape of fines which is 3-20 micrometers carried out 



temporary quenching, or a 1 yuan system ingredient like a deterioration pitch or mesophase 
microbeads, and is obtained in the shape of a block etc. 1000 degrees C - 1500 degrees C of 
heat treatment temperature are usually 1000 degrees C - 1200 degrees C preferably also from 
the purpose of generation prevention of the intercalation compound under the mechanical 
strength desired and electrolysis. Thus, although the acquired carbon block is porosity, compared 
with the conventional carbon electrode, it has precise structure. That is, porosity is about 2% to 
about 10%, and the average aperture of pore is very small, for example, is about 1 micrometer. 
[0030] the mechanical property of the carbon material of the carbon electrode of this invention - 
- the flexural strength — with — **** — it can display. When it measures according to the 
approach of JIS R7222 by 40-80mm three-point test [ distance bending ] between the 
supporting points (a sample is supported with the two supporting points and a load is placed 
upside down in the center between the supporting points), as for the flexural strength of the 
carbon electrode of this invention, it is indispensable that 50 or more MPas are shown. 55 or 
more MPas of flexural strength are 80 or more MPas still more preferably preferably. When using 
the carbon electrode which has such flexural strength for the anode plate of HF content molten 
salt electrolysis (for example, electrolysis of KF-HF system fused salt, such as KF-2HF for 
fluorine manufacture), generating of CF4 can be suppressed to trace extent. 
[0031] As described above, it is indispensable requirements to satisfy two conditions that the 
peak which has the maximum current density in the single-sweep-operation voltamogram for 
which the carbon electrode of this invention showed the flexural strength of 50 or more MPas, 
and it asked by the potential scan by potential scan speed 5 mV/sec in 25-degree-C 
concentrated sulfuric acid is shown in the potential beyond 1.2V by using the 2nd mercury of a 
sulfuric acid as a reference electrode. It will not set without satisfying both of these two 
conditions to electrolysis of HF content fused salt. Both generating of a big crack and the local 
destruction thru/or collapse in a joint with the terminal area for energization to an anode plate, 
and generating of gradual partial exfoliation can be decreased remarkably. Manufacture of stable 
electrolysis operation and a high grade product is enabled, and if at least one of the two 
requirements of these is not satisfied, the purpose of this invention cannot be attained. 
[0032] In the desirable mode of this invention, a carbon electrode has at least one sort of metal 
fluorides by which ** ON was further carried out to the pore of a porous carbon block for the 
aforementioned anode effect control. As a suitable metal fluoride, LiF, NaF, CsF, AIF3, MgF2, 
CaF2, NiF2, etc. can be mentioned. These metal fluorides can be introduced even if independent 
[ in the pore of a carbon block ] under the conditions of elevated-temperature high pressure. 
However, it is desirable to perform installation of a metal fluoride in the form of the mixture of 
two or more sorts of metal fluorides from a viewpoint which performs installation to the pore of a 
carbon block easily and effectively. The surface tension of the metal fluoride mixture which 
fused the reason is because it is smaller than the surface tension of each fused metal fluoride. 
As desirable combination of a metal fluoride, the combination of AIF3 and NaF and the 
combination of LiF and NaF can be mentioned especially. 1 is desirable [ about 3// by the 1 to 
about 3/2, and LiF/NaF system ] generally, although especially a mole ratio is not limited at an 
AIF3/NaF system respectively about 2/from 1 about 0.5/. The thing with desirable using NaF 
combining other metal fluorides is because NaF can remove the effect which is not desirable as 
for a ferric ion by reacting easily with the second iron (it not being desirable in order that the 
elution of the iron from the iron instrument of an electrolytic device may generate this and it 
may give viscosity to an electrolytic bath) of fluoride, forming a complex (NaFFeF3) and settling 
it. 

[0033] If at least one sort of metal fluorides are infiltrated into a carbon block, ** ON of the 
metal fluoride will be carried out into the detailed pore of a carbon block. Also unexpectedly, the 
knowledge of flexural strength of the carbon block into which at least one sort of metal fluorides 
were infiltrated improving sharply was carried out. [0034] The method of making it filled up with a 
metal fluoride (or mixture) into the pore of a carbon block will not be limited, especially if the 
filling factor to the inside of the pore of a carbon block can be preferably filled up still more 
preferably at least 50% at least 30% so that it may become 65% or more. 
[0035] For example, according to the approach of the predetermined temperature after 



introducing a molten-metal fluoride (or mixture) into pore, heating a metal fluoride (or mixture) 
more than the melting point, carrying out contact coexistence with a carbon block in the state of 
melting, and putting a pressure predetermined to a contact coexistence system, usually cooling a 
carbon block even to a room temperature, sinking-in press fit can be carried out easily in the 
pore of a carbon block of a metal fluoride (or mixture). Under the present circumstances, the 
filling factor of the metal fluoride in the pore of a carbon block (or mixture) can be adjusted by 
controlling the pressure put on a contact coexistence system. 

[0036] The above-mentioned approach is explained still more concretely. For example, AIF3~NaF 
system metal fluoride mixture is prepared so that the mole ratio of AIF3/NaF may be set to 3:1. 
the inside of it after it heated this mixture at 970-1050 degrees C and it carried out melting 
enough in the crucible — a carbon block — putting in (it being put into a crucible, before a 
carbon block carries out heating fusion of the metal fluoride mixture) — the press means of 
carbon material — using — mixed melting — as it is immersed in the inside of the body, it fixes 
to it. This crucible is put into a pressurized container. After nitrogen gas or argon gas next 
permutes this interior of a container, a temperature up is carried out to about 1 000 degrees C at 
a rate of about 5-10 degrees C / min, and then this container is decompressed to 10 - 50mmHg. 
This reduced pressure actuation prevents oxidation of this ingredient while it removes air and 
makes sinking-in press fit actuation easier than the pore in a carbon block. After it did in this 
way and the metal fluoride mixture and the carbon block which were fused have next carried out 
contact coexistence, inert gas, for example, nitrogen, or an argon is introduced in this container, 
and internal pressure is held by 50 to 100kg/cm2 for about 30 minutes to about 2 hours. Then, if 
this carbon block is taken out from a pressurized container and carries out natural radiationnal 
cooling in atmospheric air, the carbon electrode of this invention of a desirable mode where the 
metal fluoride mixture of an AIF3-NaF system consists of a carbon block by which ** ON was 
carried out into pore can be obtained. 

[0037] If it means the rate (%) that the pore is filled up with the metal fluoride (or mixture), and A 
and true specific gravity are set into A', and the filling factor (X) of a metal fluoride (or mixture) 
sets porosity to P for the bulk specific gravity of a carbon block of a base material and the 
specific gravity of a metal fluoride (or mixture) restoration electrode is set to B when making the 
amount of the pore under carbon block into 100%, it will be called for by formula B=A+XPA'. 
Porosity can be measured by the mercury porosimeter. 

[0038] HF content fused salt can be electrolyzed into stability by using the carbon electrode of 
this invention. 

[0039] Therefore, according to this invention, further, it is in the electrolysis approach of HF 
content fused salt characterized by electrolyzing the above-mentioned carbon electrode for the 
electrolytic bath which consists of HF content fused salt as an anode plate, and the electrolysis 
approach that this HF content fused salt is a KF-HF system, a CsF-HF system, a NOF-HF 
system, a KF-NH4 F-HF system, or a NH4 F-HF system is offered. 

[0040] In the approach of this invention, the electrolysis product obtained when HF content 
fused salt is a KF-HF system (preferably KF-2HF salt), a CsF-HF system, or a NOF-HF system 
(preferably NOF-3HF salt) is a fluorine, and when HF content fused salt is a KF-NH4 F-HF 
system or a NH4 F-HF system, the electrolysis product obtained is 3 nitrogen fluoride. It not 
only can electrolyze HF content fused salt into stability, but according to the approach of this 
invention, it can obtain a desired electrolysis product by the high grade. 

[0041] Moreover, according to this invention, it is in the electrolytic device of HF content fused 
salt which includes a cell and an anode plate, and cathode further, and the electrolytic device 
characterized by this anode plate being the above-mentioned carbon electrode is offered. 
Although it will not be limited especially if, as for the ingredient of the cathode in the electrolysis 
approach of this invention, and an electrolytic device, a hydrogen overvoltage cannot make a 
fluoride easily low, iron cathode is industrially used from a viewpoint of acquisition ease and 
economical efficiency. 

[0042] The equipment of this invention is explained in more detail later, referring to to dr awin g 3 
and drawi ng 4 . [0043] The following experiments were conducted in order to prove the 
surprising effectiveness of this invention. As an example, the coal-tar pitch of 90 weight sections 



was added to the temporary-quenching petroleum coke powder 100 weight section ground below 
to 325 meshes (Tyler), about 150-250 degrees C of volatile matter were adjusted while carrying 
out long duration kneading under heating in about 180-220 degrees C preferably, and it ground 
again after cooling, fabricated from [below 100-mesh (Tyler)] **, it calcinated at 1000 degrees C, 
and the carbon block was made [a sample (I)]. 

[0044] On the other hand, the coal-tar pitch of 50 weight sections was mixed to the aggregate 
corks 1 00 weight section in the same aggregate corks as the above ground below to 325 meshes 
(Tyler), except it, kneading, grinding, and shaping were performed by the same technique as the 
above, it heat-treated at 2800 degrees C after that, and the carbon block was acquired [a 
sample (II)]. 

[0045] Samples (II) were 46MPa(s) although the sample (I) showed the bending strength of 
57MPa(s). 

[0046] Single-sweep-operation Volta MUMETORI was performed by potential scan speed 5 
mV/sec at 25 degrees C among 1 8M concentrated sulfuric acid about these carbon material. 
The mercury electrode which it is immersed in a platinum plate in cathode, and made the 
reference electrode immersed into concentrated sulfuric acid in both cases was used. 
[0047] The result (namely, single-sweep-operation voltamogram) obtained about a sample (I) and 
(II) was shown in drawing and drawing 2 , respectively. In 1000-degree-C baking material [a 
sample (I)], the 1st stage intercalation compound generation peak (A) and (summit potential) 
were observed by 1.4V so that drawin g 1 might show. Moreover, with the ingredient [a sample 
(II)] which the amount of binders heat-treated at 2800 degrees C few so that drawin g 2 might 
show, the 1 st stage intercalation compound generation peak (B) and (summit potential) were 
observed by 0.9V. 

[0048] Although destruction of an ingredient was not seen even if it continued the potential scan 
50 times among 1.5V from 0, with the sample (II) and the (conventional technique), in the 1st 
scan, it swelled up from the edge of carbon material by (C) at the time of 1.05V, the part 
immersed in concentrated-sulfuric-acid liquid expanded greatly, and, as for a sample (I) and (this 
invention), the electrode destroyed potential. 

[0049] Next, using the two above-mentioned kinds of prepared carbon material as an electrode, 
it electrolyzed with the galvanostatic process in the electrolytic bath for fluorine manufacture, 
and the performance evaluation of an electrode was performed. That is, the griddle (160x100mm, 
two sheets) was used for the carbon material (250x70x1 5mm) and cathode which were prepared 
in the anode plate using KF and 2HF bath to the electrolytic bath. During electrolysis, the bath 
was kept at 90 degrees C, blew anhydrous fluoric acid into the bath suitably, and maintained the 
bath presentation at the constant value of KF and 2HF. 

[0050] In order to perform stable operation in the case of electrolysis, it is important to perform 
sufficient dehydration of a bath and to devise the assembly of the terminal area for energization 
to an anode plate, and to prevent invasion to a part for this terminal area of F2, HF, or a bath. If 
water is during a bath, carbon and the oxygen which is the discharge product of water will react, 
and oxidation graphite will be produced. Oxidation graphite reacts easily by the unstable matter 
with the fluorine atom produced with the electrode, and turns into stable fluoride graphite. For 
this reason, even if slight water exists during a bath (about 500 ppm), if it energizes, it will 
become easy to produce fluoride graphite, an inactive part will increase electrochemically 
according to the increment in the coverage of this, true current density will rise, and an anode 
plate overvoltage will increase as that result. These reactions are shown in (5) and (6) types. 
[Formula 5] 

iC + H 3 0-*CiO(SMI:^5 -7 r ■< M + 2H+ +2«" (5) 
[Formula 6] 

Cx0 + 8F--^CxF(7 3"fb^9^rW )->+0F a +3e- (6) 

[0051] So, in order to remove the water under bath enough, the nickel electrode was used, it 
electrolyzed by the low current consistency, and the fluorine was generated, and water was 
removed besides the system by the reaction of the following (7) types. 



2F2+H2 0->OF2**+2HF (7) 

[0052] Moreover, while inserting a flexible graphite sheet in the contact parts of the metal of the 
terminal area for energization to an anode plate, and a carbon electrode and reducing contact 
resistance on the occasion of energization, invasion into this part of a bath, or F2 and HF was 
prevented. 

[0053] The following electrolysis operation was performed after the above housekeeping 
operation. 

[0054] When the sample (II) and the (ingredient whose summit potential in the single-sweep- 
operation voltamogram which was prepared with the burning temperature of 2800 degrees C, and 
for which flexural strength is 46MPa(s) and it asked under said conditions is 0.9V) were made 
into the anode plate and electrolysis with constant current was carried out by 7 A/dm2, it 
destroyed in the part to which the carbon electrode touches the part and busbar which are 
immersed in KH and 2FH bath in 14 days. During electrolysis, when CF4 contained in generation 
fluorine gas was measured by the gas-chromatography method and the infrared-absorption- 
spectrum method, it was always 500 ppm or more. 

[0055] On the other hand, when the sample (I) and the (ingredient whose summit potential in the 
single-sweep-operation voltamogram which was prepared with the burning temperature of 1 000 
degrees C, and for which flexural strength is 57MPa(s) and it asked under said conditions is 1.4V) 
were made into the anode plate and electrolysis with constant current was carried out by 7 
A/dm2, there was no destruction of an electrode for 70 days. Moreover, CF4 in fluorine gas was 
also very as low as an average of 20 ppm. 

[0056] Thus, while the electrode of this invention enables electrolysis operation the resistance 
over a crack is remarkable, high resistance and stable, it is very useful as an electrode for 
electrolysis manufacture of the fluorine aiming at a high grade fluorine without mixing of CF4. 
[0057] Prolonged electrolysis can be performed without being able to control the amount of 
mixing of CF4 to the inside of a fluorine, and moreover an electrode causing a crack and 
destruction, if electrolysis manufacture of the fluorine is carried out in KF and 2HF electrolytic 
bath by this invention, using the carbon material which satisfies both of two conditions that 
flexural strength is 50 or more MPas, and summit potential is more than 1.2V in the single- 
sweep-operation voltamogram for which it asked under said conditions as an anode plate as 
stated above. Therefore, the carbon electrode of this invention has the big advantage in 
electrolysis of HF content fused salt. 

[0058] The carbon electrode of this invention is applicable to an electrolytic device as shown in 
drawing 3 and drawing 4 . Drawing 3 is the outline sectional view of the electrolytic device of this 
invention showing the interior [ like ] 1 voice, and drawing 4 is the outline sectional view which 
met the IV-IV line of drawingJJ . In drawin g 3 and drawing 4 , 1 uses the anode plate of this 
invention in cathode, and 2 uses iron. Moreover, in order to prevent mixing of F2 and H2, the 
skirt board (3) which covered Monel metal to mild steel or mild steel is prepared. It uses, in order 
thatF2 outlet, five H2 outlet, and 6 ( drawin g 3 ) may keep four at HF feed hopper and 7 may 
keep a cell at 80-90 degrees C in a warm water jacket. Moreover. 8 ( d.rawing_4 ) is the flexible 
graphite sheet inserted in the terminal area for energization to an anode plate, and while 
preventing invasion into a bath or this part of F2 and HF, the function as packing for stress 
relaxation and the function of increase prevention of contact resistance are also demonstrated. 
9 shows the oil level of HF content fused salt electrolytic bath at the time of electrolysis. 
[0059] Moreover, the carbon electrode of this invention can be applied in favor of electrolysis 
composition of NF3, and HF content fused salt is a KF-NH4 F-HF system electrolytic bath and a 
NH4 F-HF system electrolytic bath in this case. NF3 is used as gas for washing of the gas for 
dry etching gas and optical-fiber processing, the reaction chamber for plasma generating, and 
the reaction chamber for CVD etc. 

[0060] Conventionally, in in a NH4 F-HF system electrolytic bath, nickel electrode is used as an 
electrode for NF3 composition. This reason is that the carbon particle produced for local 
destruction thru/or collapse of the carbon electrode under electrolysis operation, or gradual 
partial exfoliation reacts with a fluorine, CF4 mixes into NF3, and there is a fault from which it 
becomes difficult [ separation ] very [ it ] since the difference of both boiling point is very small, 



; about 1 degree C and when general carbon material is used. However, by the conventional 

approach using nickel electrode, there is a fault that the current efficiency over NF3 generating 
is very as bad as about 50%. 

[0061] Since the local destruction or the gradual partial exfoliation which produce not only the 
destruction with the big carbon electrode of this invention but also a carbon particle do not 
occur to it, there is no risk of CF4 generating. Therefore, when the carbon electrode of this 
invention is used, there is a big advantage that NF3 of a high grade is obtained with high current 
efficiency. As an electrolytic bath for NH3 manufacture, KF-NH4 F-HF system fused salt and 
NH4 F-HF system fused salt can be used advantageously. If a KF-NH4 F-HF system electrolytic 
bath is used especially, current efficiency will become 70% or more. In the case of a NH4 F-HF 
system electrolytic bath, use of the carbon electrode which performed sinking-in processing is 
desirable. 

[0062] As stated above, it the carbon electrode of this invention is not only excellent in the 
mechanical strength, but is chemically stable, and the intercalation compound generation by 
which knowledge was newly carried out to it being one cause of big destruction cannot break out 
easily in HF content molten salt electrolysis. The carbon electrode of this invention is useful, 
although electrolysis actuation of HF content fused salt is made to perform in the stable 
condition and a product with high purity is moreover manufactured. 
[0063] 

[Example] Next, although an example and the example of a comparison explain this invention to a 
detail further, this invention is not limited to an example. 

[0064] The corks of the mosaic structure which is about 10 microns were ground below to 325 
meshes (Tyler), and it considered as the aggregate, and the average size of an example 1 and an 
example of comparison 1 optical-anisotropy field (mosaic section) added the coal-tar pitch as a 
binder at a rate of 90 weight sections to the aggregate corks 1 00 weight section, carried out 
kneading under 1 80-220-degree C heating, ground mixture below to 100 meshes (Tyler), and 
considered as molding powder. Molding powder was fabricated with metal mold in the 
1 25x250x75mm rectangular parallelepiped with the moulding pressure of 800kg/cm2. this was 
calcinated at 1000 degrees C with the programming rate in 2 degrees C/hr, and the carbon 
material was obtained (example 1 ). 

[0065] Except having changed the amount of the coal-tar pitch as a binder into 50 weight 
sections, the carbon material obtained like the example 1 was heat-treated and graphitized at 
2800 more degrees C, and the graphitization ingredient was obtained (example 1 of a 
comparison). 

[0066] Ten 10x10x60mm samples were started from the two above-mentioned sorts of samples, 
respectively. When the three-point bending test (a sample is supported on the two supporting 
points and a load is placed upside down in the center between the supporting points) was 
presented with this in the distance between the supporting points of 40mm, the average flexural 
strength was as follows. 

Example 1 Example 1 of 57MPa comparison 46MPa[0067] Moreover, the 5x30x1 mm sample was 
started from the two above-mentioned sorts of samples, respectively, this was made into the 
anode plate, the potential scan was carried out with the potential scan speed of 5 mV/sec in 25- 
degree C 18M concentrated sulfuric acid by having used the 2nd mercury of a sulfuric acid as 
the reference electrode, having used Pt plate as cathode, and it asked for the single-sweep- 
operation voltamogram. 

[0068] That for which it asked about the sample of an example 1 was shown in drawing 1 . 
Current density became max, the summit potential corresponding to intercalation compound 
generation of the 1 st stage was observed by 1 .4V, and collapse of an electrode was not seen 
even if it repeated the potential scan 50 times in 0-1. 5V. 

[0069] On the other hand, by the sample which the example 1 of a comparison graphitized, like, 
current density became max, the summit potential corresponding to generation of the 
intercalation compound of the 1 st stage shown in drawing 2 was observed by 0.9V, and, 
moreover, the electrode collapsed at the time of 1 .05V of a time [ 1 st ] potential scan. 
[0070] The 250x70x1 5mm sample was started from two sorts of carbon material obtained in the 



example 2, example of comparison 2 example 1, and the example 1 of a comparison, and 
electrolysis with constant current was performed by 7 A/dm2, keeping it strict in cathode at the 
electrolytic bath temperature of 90 degrees C, and bath presentation KF and 2HF using iron with 
the cell of 50A scale by making this into an anode plate. 

[0071] The electrode of the example 1 of a comparison was destroyed in 14 days by part for a 
joint with the terminal for the energization to an anode plate. Moreover, when CF4 concentration 
contained in generation fluorine gas was measured, it was 500 ppm or more on the average 
(example 2 of a comparison). 

[0072] On the other hand, CF4 content was also always kept at 20 ppm or less, without the 
electrode of an example 1 breaking three months or more (example 2). 

[0073] The 250x70x1 5mm sample was started from the carbon material created like example 3 
example 1 , and the cell of 50A scale performed electrolysis with constant current of 5 A/dm2 in 
cathode at the electrolytic bath temperature of 120-150 degrees C using the electrolytic bath of 
bath presentation KF and 2 HF+NH4F using iron by making this into an anode plate. [0074] 
Current efficiency was very high compared with 70% and the method of using the conventional 
nickel anode. Moreover, the amount of CF4 under generation NF 3 is 500 ppm or less, and this 
means that NF3 with very high purity was obtained compared with the chemistry method (CF4 : 
generally 1000 ppm or more) generally conventionally used instead of the electrolytic 
decomposition process by the badness, therefore the nickel electrode of electrolysis 
effectiveness. 

[0075] The temporary-quenching corks (temporary-quenching temperature: 1200-1300 degrees 
C) of the mosaic structure which is about 10 microns were ground below to 325 meshes (Tyler), 
and it considered as the aggregate, and the average size of an example 4 optical-anisotropy field 
(mosaic section) added the coal-tar pitch as a binder at a rate of 90 weight sections to the 
aggregate corks 100 weight section, carried out kneading under 1 80-220-degree C heating, 
ground mixture below to 100 meshes (Tyler), and considered as molding powder. Molding powder 
was fabricated with metal mold in the 125x250x75mm rectangular parallelepiped with the 
moulding pressure of 800kg/cm2, calcinated this at 1000 degrees C with the programming rate in 
2 degrees C/hr, and obtained the carbon material. 

[0076] Ten 10x10x60mm samples were started from the above-mentioned sample. When the 
three-point bending test was presented with this like the example 1 , the average flexural 
strength was as follows. 

Example 4 100MPa[0077] Moreover, the 5x30x1 mm sample was started from the above- 
mentioned sample, this was made into the anode plate, the potential scan was carried out with 
the potential scan speed of 5 mV/sec in 25-degree C 1 8M concentrated sulfuric acid by having 
used the 2nd mercury of a sulfuric acid as the reference electrode, having used Pt plate as 
cathode, and it asked for the single-sweep-operation voltamogram. Consequently, current 
density became max, the summit potential corresponding to intercalation compound generation 
of the 1 st stage was observed by 1 .4V, and destruction of an electrode was not seen even if it 
repeated the potential scan 50 times in 0-1. 5V. 

[0078] The 250x70x1 5mm sample was started from the carbon material obtained in the example 

5 example 4, and electrolysis with constant current was performed by 7 A/dm2, keeping it strict 
in cathode at the electrolytic bath temperature of 90 degrees C, and bath presentation KF and 
2HF using iron with the cell of 50A scale by making this into an anode plate. Consequently, CF4 
content was also always kept at 1 0 ppm or less, without this electrode breaking three months or 
more. 

[0079] The 250x70x1 5mm sample was started from the carbon material obtained in the example 

6 example 4. The average aperture of pore of the porosity of these samples was 1 micrometer or 
less at 7 - 8%. :LiF, LiF+NaF (mole ratio 1:1) and CsF+NaF (mole ratio 1:1) which performed 
sinking-in processing for these samples using the following metal fluoride systems per each, 
AIF3+NaF (mole ratio 3:1), MgF2 and CaF2, NiF2+NaF (mole ratio 2:1). Sinking-in processing 
carried out contact coexistence of the sample under a molten-metal fluoride (or mixture) and 
pressurization, after heating the metal fluoride (or mixture) to the melting temperature, and it 
was performed by introducing into pore. 



[0080] The porosity of a sample became zero after sinking-in processing, and what the above- 
mentioned metal fluoride (or mixture) sinks in completely into pore (filling factor: 100%) became 
clear. Moreover, flexural strength rose rather, without 103MPa(s) and degradation on the 
strength by sinking in also producing flexural strength. 

[0081] Electrolysis with constant current was performed by current density 7 A/dm2, keeping it 
strict in cathode at the electrolytic bath temperature of 90 degrees C, and bath presentation 
KF-2HF using iron with the cell of 50A scale by making into an anode plate the metal fluoride (or 
mixture) sinking-in electrode prepared in the example 7 example 6. Consequently, this electrode 
had 0.5 - 1 V bath voltage lower than the non-sunk in electrode, and electrolysis continued it 
stably over three months or more. Moreover, CF4 content in a generation fluorine was also 
always kept at 10 ppm or less. 
[0082] 

[Effect of the Invention] So that clearly also from the above-mentioned example The carbon 
electrode of this invention with which are satisfied of two conditions that flexural strength is 50 
or more MPas, and the potential in which the current peak corresponding to the 1st stage 
intercalation compound generation of the voltamogram for which it asked with the potential 
sweep method in the inside of concentrated sulfuric acid appears is more than 1.2V (mercury 
electrode criteria) Neither destruction nor collapse nor exfoliation is caused during electrolysis, 
therefore the product of mixing of electrolysis operation not only being carried out but a request, 
for example, the amount of CF4 to the inside of fluorine gas, is very low to stability over a long 
period of time, and it is very useful as an electrode for HF content molten salt electrolysis. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown the single-sweep-operation voltamogram for which it 
asked by the potential scan of potential scan speed 5 mV/sec in 25-degree-C concentrated 
sulfuric acid about the carbon electrode by this invention of an example 1 . 
[ Drawing 2] It is drawing having shown the single-sweep-operation voltamogram for which it 
asked by the potential scan of potential scan speed 5 m V/sec in 25-degree-C concentrated 
sulfuric acid about the carbon electrode of the example 1 of a comparison. 

[ Drawing 3 ] It is the outline sectional view of the electrolytic device of this invention showing the 
interior [ like ] 1 voice. 

[ Drawin g 4] It is the outline sectional view which met the IV-IV line of drawing 3 . 
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[Dxawing 1] 




o 0.5 no 1.5 

gtfL V vs, H$/Hg2904 in BM-H2SO4 



[Drawing _4] 




[Translation done.] 



09)B*n*iHf (J p) (12) m ft ^ $g (a) iiiynrrtiauiM** 

#H^F5-5194 

(50int.ci. s mmmn fr^mm^ f i mm&m\ 

C2 5B 11/12 8414-4K 
1/24 . A 8414-4K 

11/03 8414-4K 



33ESf# £R* §S3fcBe>#4(± 10 10 



(21)ttH#*t 


^®¥3 -35025 


C7l)tbWA 


000222842 










(22) tlili B 


¥^3^(1991)2^6 8 




*RW*Kr|jEiejllEtJr» 5TB 7 #12# 






(71)tfllHA 


000218122 , 




#SS s F2-25274 




mm m& 


(32)<S3fcB 


¥2(1990)2^ 6 B 






(33)S$fc{fefe$gS 


B* (J P) 


























(72)^bj# 


















mm mm 








sawsawram-s <-^-f-£rl36 











(54) mwozm ^mi*bv\z*nzM^&HFtt&mm<DWtt&&vmi 



(57) cs^j 

0MPa«±?65, lo, 2 5TC«BHM'K:*iW-«* 
ffijtalBli*5mV/s e c ©afi^SlCj; 9*#>*:i£ffl 




MflMI^SBffl] 

m&m i ] ziL&mm yu^? mm& 

5 0 M P a IH±?& t> . IO, 2 5 "CMWUC&tf 
SlMM5raV/s e c ©mffij£*fc:J:!>3R»fc 

[MM 2] «7D7^^ L i F, NaF, C 
sF, A 1 Fa. Mg F2, CaF2, Ni Fzfr&jHtfn 

^n&k-rsis^js i EttcKJRiaSo 

[|S^3] HF^i81l!ffiJ:9fc3fB*i§«\ 

l xii2K«©K**«*llffikLT«#-rack*1$ 

at-rsHF-sr^risikaow^ffitife.oT, ^hf^ 

Wr§B4^KF-HF^ CsF-HFS, NOF-H 
F^s K F-NH4 F-H FISX(±NH4 F-HF^Tfe 
SIWW&o 

^»«!C$oT, KHUBi^W*^ 1 Xtt 2 

[^<DM&M] 
[0 0 0 1] 

s Q mk«¥l<«, »MWMi*ii:«nT:v^*9*ft5-r 
fb^wtc^-e, HF*nn¥-r«7-y^s?fflkic®ss 

5H F$W®R4^©®S75r£&t>l£Bic|H-rSo 
[0 0 0 2] 

F#««MUaoW»35rffi©«aWftfflJi: LT7-y^£D« 
WMJfi***»f6nSo 7-j/3S©SBfi&kL-ni, Sift, 

^9o°co7-y{b* 'J yi+ty >y itykmwg&i&mm^T* 

[0 0 0 3] *?Sr£{C*5ltSrSli^(±KF-2HFT-feO, £ 
n*^j£< fflvensaSti, ttjSttifiT-HFOSSSUEtf® 
<» L^t»*OHF«a!<0a»tCj:-3Tt>iSOlllL*i*^E 
ftUi:<i^c.kica&£o OA&ffcOffiSk its, 
»S»»tc J: oTffiffl-e#fti^fc** k 
l/Tffl^6ftT^5, EtffikLTti. W^U^;H?(±, 

mrftM7~13A/dm 2 , JSWE8. 5-1 5VT'^B?tf?f& 

[0004] c©«w^iiicfetj-5issa*5<fctfiaEffi-p© 
^ KSfr <* ns Q 



(2) ftlHHF 5-5194 

2 

[ft I] 

1 

(»«SSrt?) (HF)nF-- Fi + nHF+V (1) 



Kb 2] 

I 

(SasKtt;) H*(HF)b+»- H» ■+ nHF (2) 



So 

[0 0 0 5] (-O W»KB^fetfSI58ffi^©a*ffl** 
? auiiiff &£(<D h k T v h tc £ K> WS ©-ft 

*#&«tfigCSo 
[0 0 0 6] (n) £*L«'<0K*««tt— 

©a:£»#wfl-©*ffi-e «,jaaw9*j«aw»«**»»w 

?©HB?g©J&T*&*lC»igLT^< Cfc**i*-r*), 
cntf7y^k^l££lSLTCF4k£>K SSfcLT 

[0 0 0 7 ] (/\) WRf»cKJlEBWth-pa-f*F2 kK 

jRwaosjt&t * mm^^—ftm&xi&^y 
ity^yr-i h^i^-rso ^*i^fii±o7-vfb^7 

Slk&So coffifcttBHBaafcWti, HFSWiSft* 
[0 0 0 8] cne©B3S^©3-B, Cv) ©HMSa&JK 

\cyvitv*vi±*%ts&myv<m*%}mwc^&? 

S c k tc «t 0 WJ U#S c k icfigi^ lti ^S flf 2 
- 4 7 2 9 7^t)o 
40 [0 0 0 9] L-frU ±KL/c Tklf (n) ©KM 

So tot, -fi^pliBlcHoTSSbfcHF^jSfflUa©* 
»*pI^»CL, XSi^JS03yn D p^#S/c46tc. cn^O 

[0 0 10] 



coo i i] m3t<omm, ft^afiKft 
[0012] bp-5 % *iS0j#6(i, mmmmwHFitm* 

l 

xC + F t + HF — Cx* HP»" (3) 



COO 1 3] *51W#&{±. C©SH{t^S©^tcJ: 

v&<ofcmwmcttm-?z>±xz(Dmm*m®LT-%, hf 

[0 0 1 4] ffioT, HFt* 

SfSMfc-ffiflfr 5 C £ T*£> -5 o 
COO 1 5] *58WOS2©BW(4, 2c5gftW? 

COO 1 6] *58W0^3 0Bfl«j{±, ±K©g?JR 

f ^mMt&vmm&mzmi&T a c t t»s ^ 0 
cooi7] *^<D±KRa : ^^te£D8fg«j, si^ 



(3) nmW- 5-5194 

COO l 8] BP -6, «fcftij\ £*LttftJR7n.* 

^<fc9&9. fttfaifi^S0HPaJW±-e**3, 2S1C 
iftSHlSS^ tetf «ffi^^ja5mV/secC0ll{u^^(c «fc 

**rr* tr-^*Bftis^-7j<iB*a!)!itffii: lti. 2vw 
[0019] wt, *^woK*«ffio3if$a*ittK-r 

*E«RJS«:iEC Olive fc«nHLfc, f55A,. J^Jg 

co o 2 o] mmya^^ic-o^x<ommit^m±^.(o 

A (linear sweep voitammogram) {c£5l>T\ W^Mr7x2 

mmtLT immm 2 ymmmzmm? %> ) «t 0 we? -r 

iO [00 2 1 ] «eSi!^TO^0OM§BSIUft^^j£ 
[ft 4] 

»C+ 3H 2 S0»-»Cx«HSO»-2H a S0« + H«-+ «~ ( 4 ) 

[0 0 2 2] ( 4 ) i^^S^tC <t o TJf ffflffc-B-tltf £ C 

[0023] *«wo«fiik:fevT(i, 2 5°cmffrM<P 
tc istt 5 «{4j£aEjSje5mV/sec-eo«fi[^aE Ic &K>?8.sb 

tzmm? i #a ^ * ^ -5 a (c fe- vt. i^tisfg^s 

50 *ffilc5Vrcfctf£MHT?fcS («K6«i3WKtf-^*S 



■rwSL&ctiJzom* rtr-^nfaj tmm-tz) „ ± 
tsock^ic. z(D¥-zi±mmtttm£<Dm 1 xt— s> 

fc *. C OD tf- ^ fcflttfl . 2VtiLhT* a Hfr**l 

^WfflttW* L < til. 3VW±t»fcSo 
[0 0 2 4] £fc, t5K(n)tcSE^fe««^OR*«ffi 

[0 0 2 5] JiiBflDZOO^SSfF^jBSJS-rSR**** 
if&fc^lctt, «»tt#»=l--$'XtC«l*M 
lXlifn«i<D £ -y ^/ W >^->&ftn^*S-&^StfJ^ 

Xv-f ^ o t£-X<9 J: 5 *##fctS*«*«-»tt»E:«ril 
2rnfc-7G*«f**ffl^* c £lc J; Oil/Sir 3 c fctfT* 

[0 0 2 6] CCTf^/Kfi'^aitlJ:, tf-y^ 
^DiLT^V7i- X>hJ*# £l3Fr a »@ T' ^ <D it 

-rx^io^mwTofeo^-if^ tmicmjj®.-? h U -y 
£x«tnc— *£tc#f&LT^3 fe©*t^. coi 5 &$§ 
I^togi^MtS 4: 2 < iKSS 

[0 0 2 7] $fc, ±I2<Dcfc9lC, fc!-y^fr€>£r£Lfi: 
^ V 7 x - X'bHW L T ?f e> tl a ^ fa a * V 7 

[0 0 2 8] tr-yf-*fta-T*ISHz:*H*W»*tT«:a 

[0 0 2 9] EP-B, *«^OK*«ffiti. ffiRli', &3 
#3- 20 p m©1»*»«Offifit L It ^ - * 7, 1 OOBftSI? 



f»¥- 5-5194 

6 

>^-^j80~130fflfig|5*gH-e-Lfc 27c3fi«»» XttSE 

l»±<oaW*^6fe, ii^1000°C~1500°C, fc?£L<&10 
OCC—^OO-CT'Sao -5K Lti6nf:Ki7D 

[0030] ^wois^wawKjR^owttEWWtt 

8£©i£«*&<DESjlf5i!fi(i. JIS R7222©7affi(C^oT 
^BBE«t40-80mn3jSiaifrXh W>7";^2 0© 

14, »£L<C45 5MP a«L L < fct 8 0 

F-2H Fft£©K F-HF3K&ltt»©W#)©IWffifc 

[00 3 1] ±f5Lfc<fc-?tC, *%B|(OKltltt, 50 
MPafiLtOffttfSaSfc^U fro, 25TC«8E»f ictett 

3 0 t©2o<0&fF©P5#*i»£^*cfcfc<fc^'C»4t; 

jgE'>s a c «t T- * » ^r s mmmm t &m&m&<D 
mm&eimc-?z><DT*&9, co2SfF©io-et,sis 

[0 0 3 2] UVffitttCfc^TB:, SufS© 

*m?Zo &mrj:&m7v<tmtLTli. L i F, Na 
F, CsF, A 1 Fa, MgFz, CaF2, NiF2&if 

aoMTT, m^^a-y^'OMTL^ic^T't^AI- 
SCfc^ttSo L^L, K^yn-y^cD^TL'N^A 

fe /h* V ^ & Tife So M7 -y itWDftlc L t 



■erfcLT, A 1 FatN a F ©ffl^-frStf L i F N a 

nftt^, — A 1 Fs/Na F3fi-a»3/l*6 
&J3/2, LiF/NaF^O. 5/1*6 

ft 2/1 tf*-n* f ft#*Li/\, N a F*{&(D&m7yit 
W}£mfr&t>i£Tm^%<DtiWti^<DiZ. NaF!i7 

</\) fcSJBKKffiLTJMNN a F F e Fa) £Jg/£LT 

coo33] mmya 5 iz'p& < 1 & 1 10^177 
co 03 4] mm7t}y?<DmL*ic&m7vim ax 

CO 0 3 5] fiajjUf, (X«S-&%I) 

&mz>v\\M oum&m *m\\.rz.<o%* m^©ra 
r£tcj:nfi\ &m7vitya (.xam&m zmmya-y 

BS, t6tt*«F3fiK:3^*t*JE/}*»JW'-«-«!il:k:J:t) % ^ 

CO 0 3 6] ±fBO^*M»c^i*Wfc:ttl«-rSo ffiJ* 
t±\ A 1 F 3 — N a F3S^/R7-yfbftlS-&«l*A 1 Fa/ 
N a FOt;l/W3 : 1 i: &3 £ 5 KMS*?" 5» COS 
^ft«r;l/y#©(fT, 0iJ*.(±\ 9 7 0—1 0 5 0°CtCfin 

*"XXti7;l/3> >b*X T'l^ L tz'&. #J5~1 0°C/m i ncD 

sij^-T-ft i o o o^cs-c-nigu mcmm&tt 1 o~ 5 

OmmHgSTiEno COj^JESHf (i^I7D7 * 
<0*<E>»7L«fc 0^**188* LT«»ffiA»fF*S«»cr 
-5 fc«KlKtJi(SW3SEfl:«:B&it-r S £>£>T*;&£o Oft, 

c © «t ? ic l Trsitt l fz&m 7 v itwm-etvn tmmya 

•y * fc*^«««#Lfc««-P, KSgHrttc^gttA'X. 
0lJ*(fa**/£tt7 , ;l/rr^**ALT, rtEE*50*610 



(5) 5-5194 
ftfi\ A l F3-NaFSO^l77ltWg^M 

CO 0 3 7] &m7v{t®) CXIifflfctt) ©3E«^(X) 

nm) jtwaesotta^Bt^-^i:, sb = a+xp 

CO 0 3 8] *»MOKSR*ffl*ffll''SCfc{cj:0, H 
CO 0 3 9] t£oT. *^(C«J:tllfjE^, HF^WiSBi 

. T, SHF^aS^KF-HF^, CsF-HF 

NOF-HFl« K F-NH4 F-H F^XteNFU 
F-HF&Tfc««»73ft*<«#**lSo 
20 CO 0 4 0] *¥£W<D7j&lCi5^Tlt, H F^friSIMS 
tfKF-HF5S (!?SL<(iK.F-2HFJfi) , CsF 
-HF3fcXttNOF-HF3&'(»* L<t±N0F-3H 
Fil) T'feS^-a-, t#f.tl5t«ia!i7 7f-pfet), 
H F^SBJfitfK F-NH« F-HF3KXt±NH4 F- 
HF^T'ifeS^ ^#6n^a®lyStiH^•y{t^*T' 

CO 0 4 1] Sfc, *%^tc«f;n(fMlc, «»«7AD'f5i 

5 0 

CO 0 4 2] *^<7D^H{cot^T{±, 0 3atfBI4K 

CO 0 4 3] *&W<DM<'<%%)Mk*:nsZ.?zrztblc, 
40 WT©H»*tTftofeo -<?'J^LT. 325^-y->^(Tyle 
r) WTlc^ L fcfi«5»3 — ^ xt91 OOSflSPlc^ L 
T90a«gP©n-;b^-;l/k!.y^-^;J!,Qx.. ^150—250 

^•y->j.(Tyler)WT] T*6^t, 1000°CT"^L 
TJ^fgrn-y^^ftofc C-9->y;b (I) ] „ 

CO 0 4 4] -7?, 325p<-y->^(Tyler)OT{C^tfc 
±iei:[Rli:#«n-^xic#«n-^^iooaag|5ic^ 
L T50|tag[5co 3 ^ -;|/fcf -y ^ « L , fnttJI 

50 a±xs.t.m\zwcmm. msK =t<D-& 



(6) 



P5- 5 1 9 4 



;KII)). 
[0 0 4 5] ( I ) li57IIPa©ftttf3a2*^L 

(II) ti46MPa-ea&^/£o 
[0 0 4 6] cn6<0^**f(COl/''T18««BSil4'251C 

?T^o/io SEfil*cfie&«, SMS 

lc ti jgra^ &c r«M £ ■& fc8SSElB-7jc»M*ffl ^tc 
[0 0 4 7] U-^tVU (I) &tf (I I) 

I S.Q"ia2(C^Lfco El 1 cfctl^Tb^cfcdtClOOOiC^ 

« c-y-^^b (i) ) t-(4s i ^x-i vmmt^MZLflL 

<fc »3 3 ct ? IC/ W ^tt-mft'PK < fiO2800°CT'gi 

SQiILfcW^ [-9->7> (ID) -ettSi^f-^l 

CO 0 4 8] -9->y;U ( I ) (iafit=&0*>6 
1 . 5V(DHIt?50El«tfi[3£aE««!^T t.0«i73«ya»ia 6 ft 
t£frr>rct>\ V^-ffr (I I) ({&feiSffl) TI^10 20 
g <Dj£SiC fcl^T 1 . 05V©i$j£ (C) T*K3R*f <D«I^ &»ft 



C<t6] 



iC+H J O-CE0M{t#'?7r-f >>-*-2H* 



0+SF--»CiF(7 yftjC? 7 r-f K > -+0F»-*- 8o" 



[0049] n»bfc±iera«ioRii6*f*wi 

£: L T ffi ^ T . 77 sRSBS© tc HXDWBfe HSKffi 
tc J: Q W&* ft ftv>*«Ott«6ffMB*ff ftofc. 

50x70x15mmK [«*itc(±t£1g (160x100mm. 2&)£ffl 

i»>fc. MSP*, rSf±90°ctc&-^ fc*7 

Pfc£&#j§SSfi££KF • 2HFCD-^filtC So fc. 

[0050] *»©is. sjEftaai*fTa5fc«)K«^ 

07-y-b>>'"U-*I*LTF2 J f»HFSfc«fSOK«i : rSU 
77r^h*4f5. &<t?57 7'thltt&l£1itoK. 

x-mmx-^E ttzyy mm.=i- 1 mw, icsas 7 >y ft 

^777-T h i:&£„ COfc46to'-r^ft*(500ppBiffl-e 
fe) L T t , aim-T * £7 V fb4^ ~7T 4 

(5) *>J;t>* (6) ^tc^-To 

nt5] 

+ 2." (6) 



[0 0 5 1 ] ra+©zk**E#8lt>l*< fc46lc~ 

•y v )\*wm:m^fomcmm.x-mffi- l r ? ? mtt&Ziz 

&<D (7) j£<DEL&K£K)7m3kWcW0m^rzo 
2Fz+H 2 O^OF2 t +2HF (7) 
[0 0 5 2] amiCESLT. HSfli'MOil*fflflS : r 

*&*«tt«ta*<£TS t mmz ®& fct±F 2 wo 

[0 0 5 3] ±8B© <fc o tomamtttoWZTOi: r> &s 

[0 0 5 4] *tZ/7)V (I 1 ) (JSfi£rgS2800'CT»l» 

I tf/l/ * t ^7*5 A tC 43 5 M— * ttffi 0. 9VT' $> ^ 
fcffi) &»«fcL7A/drfTE*8IM»Lfci:C3, 1 
4 HIIBTKH-2FH»K:ai»*nTV^aaJ»*iJ:t/7^/<- 

fS.7 mrtXlC<3l£. n^CF4 ^r*"X 7nYh^ 7 7^- 

B#500ppmJ-X±T*fe o tz 0 

[0055] *fyy>\s ( I ) (JtftfiRrSfiioooic-e 
mm Ltz. m-mmtf5im>aT'& o K-omi^n-Tx^ 

it fzMffi? I #;U ^ t jT5 A tc *3tt a tf- ^ «f4 AM . 4VT* 
^!5ifiBi:L7 A/dm^StiSf^Lfci: 

cfJ(DCF4 t^20ppmi:©46Tf£A>o/c 0 



[0 0 5 6] COcfcdtC. *fiH^CD«^{ifijn{C^-ra 

tc , CF4 (DiiA©* v g W i: L fc 7 -y m 

30 [0 0 5 7] W±2-<fc«fc3fc:» *5MHKJ:»?, ffltf?i 
^A^50MPaUi±T'fe »3 fiOHGI5^ffTT'^i6fc#}fl? I * 
;l/ ^ * Atcfcl fef- * «f4AM . 2VW±T*fe S £ l * 

TKF-2HF«jS¥JS*(CT7 -y SR*WlfBi3ft-rs fc7-y*4> 

c f C 1 3S < g«MW«tTft ^ C t A^T*# 5„ fif 

C 0 0 5 8 ] *^H^©J^^mfi|{±^J^ti"EI 3 4 tc 

3© 1 v - 1 vwfc»ofc«tw»fflBia-ea&So Ei3St>' 

E14{CfcV>T. lti*a«0»a. 2(i!^1STi?iJx.(±*^ 

ttSHctW^^SSBLfc^A-h (3) wmfz 
nr^So 4«F2tHP. 5fiH2tBP, 6 (EI 3) (iHFtt 
*SP, 7 (irS7K'» T >y h T-m^tf ^80~90°ClC«Ofc 
J6fcffl^S„ Sfc 8 (0 4) (iPHS^oattffl^gP 

50 »'NOfSA*l»±-rsi:»»cjC73lHlfiiffl^-y*>i:LT 



(7) 

// 

C0059] *$£WtDmmm.M&m<DWM&fit.m 
ic$>msicmmx'H, h F-&wjsanfitiKF- 

NH4F-HF^m<g?S J f>N H4 F - H F MW®t:&Z> 0 NFa 
[0 0 6 0] ft*. NF3£7ffffl«Sfc LTtt, NrUF-HF 

fc j^iflfii ? # 7 >y & S L T CF4 *'NF 3 4> lc S A L . M 

1/ * S ftJfeO^&T'tt „ NF3 5?£{C «f 5 miftS^ 50%*g 
[006 1] **UC*JU *«WOK3R*«itt, 

wfKMB**T»6n*fci/^^**3pjia38<**. NH3 

SJJSfflCDS8?r§£ LTti, K F-NH4 F-HF^rSI* 
tt-^NH4F-HF»»i«Wl**r*JiCffl^*{:fctfTf* 
§0 WKKF-NH4F-HFIfi«IBiB*fflV^*fc % WffiStomii 

[0 0 6 2] tti*<ftJ:5lc, #5£W<0£JRMtt« 

tiW5fiuS[K«tiT«r^*<o*ft6-rffc*«c3aeT?, h f 

#*rai»ffltt#li:*5t^T. 1 o^JjfCBT'ife JO 

*fc«u<*nja«*nfc«mft-&«sia*<ie*«iv\ 

[0 0 6 3] 

tttttiB-r * *$gfU3 i± isjgtfij tc is jg* n 5 1 or- a 

[0 0 6 4] ffcjfeftl 1 fe*t/tt«fflj 1 

Tfc»»LT#»'fcU #ttr:-^xiOOfiMgf51c#tL 

LTifttaU 180~220 o CtD/jp4aTT'iMS U a£«&10 
0t( y «>a (Tyler) WTtC»»LTl«»»fc Lfco «JBH» 
Ci^ST'800kg/cm 2 <Df$.Bl±T*\ 25 x 250 x 75mmcDa:^{* 
iC L , illl^ 2 °C / h r T* 03 ST' 1 000°C tC ifttf L 
TK*tm*»fc (HfiSIJiJ i)„ 
[Q 0 6 5] /W>#—b ;l/tf y^CD 



WW 3 ? 5-5 1 94 
KH6#»*V* 5JC2800TC»CJHWttaLTjRiB{fcL, JSfSft 

wwttmrc at«ffai)o 

[0 0 6 6] ±12 2 »OK«fr 5*41^4110X10X60™ 
OIS^H OftSr ^0 0 t±J Lfco C n^3^^raSEg|40mmT' 3 j£ 
t&tfKS* (2 0(D^±raS8^L, 

HS60IJ 1 57MPa 
mm 1 46MPa 
[0 0 6 7] X. ±l2 2a©K^6*tl^*l5x30xi 

mm zymzmmmt lt, 25*coi8M»5»iicfj -esnv 

[0 0 6 8] ^Jfifflll©K«JC-oi,>T5R4i)fct,<D*Hi 
tc^Lfco «»Effils!^«*fc4-t)S 1 Xf-i fOJilttMfc 

M*0~1.SV©«SHT5 0lal«l»5igLT*.«ia<J!)«* 

[oo6 9] zmcttLTktmm 1 ojMwtLfcsmT? 

t4BI2(c^Lfc«tH:, IMStfi^t^D^Uf- 

l*n, Lfrfclgl 0©«{4^O1.O5VcD^T*«fii 

[0 0 7 0] J|j&g0)J 2 i±3$#IJ 2 

H#£0iJ 1 RtfJ±«0»J 1 T*t#fe 2 SOKI^fr 6250x70 

Ifi^KF ■ 2HF(C Jttfg tc «^ 4 ^ 6 7A/dm2 WB*fJ 

[0 0 7 1 ] tbtMSJ 1 OttffiU 1 4 BfHjTHffi'xflDfflU 

t T J {C"g-Sn«CF4ii^iiJ^Lfc t C LT500ppm 
Wi:T'^oft (Jt«H2). 

[0 0 7 2] cntWLTSI«ffyiO«ffi{i3->-^W± 
fiJ+lS a^<, * /iCF4 $M fe#^20ppmWT^ffifc 

n/-c(*«g0ij2) o 
[o.o 7 3] mmm3 

mmm 1 1 Lritsg l 5250 x 70 x ism 

mOH^WOWL, cn^!^fi8tLT50AX^-;KD« 
WllCTB«lLlifttffli\ «^¥?§rSJif120~150 o CT% 
?@,iafigKF-2HF+NH4F©n^^ffl^T5A/dm 2 cr)^«^« 

[0074] wmm&mt. m&n-v'rjmM* 

OCF4 <D»t±500ppmWTT% C n(ia§?^3^^S^»[(C 

-•yy;um^{cJ;5^ll?&£D^oic^3t5-9S{cffl^c,ti 

T I > 5 fk^ffi (CF4 : -S6(c 1000ppmi-X±) (C ^TgJ6t 
[0 0 7 5] USEfJlJ 4 



13 

9t¥ wmfiVSiffi®. -tr-r * a» of^^r x# & i o ^ * 

□ *ffi*©<Ktf&3-** CfijRSft : l 2 O 

0-1 3 0 0°C) *325^^">a(Tyler)WTKl»»LT 

;u tr -y ^-*9oasa5<iDf ij-a-rv w 1 i^rma u 

180~220°C<DMTTrlgL. i&&$j£100* -y S/a (Ty 
ler) WT(c|»WLTfigJB«Jfc Lfc. fSflH»tt&£!T?aOOk 
g/cm 2 <Dl$MR.T°nS x 250 x 75mmtOit7?WCfigJB L, C 
ft£2iC/hr^©IIMirCi00Ot:Kfcj£LTK*ttsB% 

[0 0 7 6] ±taO|S^P>10x10X60mnicDl^10te^: 
te. 

^Mi<flj4 100MPa 
[0 0 7 7] X, ±!E«DK«^55x30xlmiKOftm*« 
9HJU cn^iifcU Pt«£^®. ti&M®27m* 
mmmmt LT, 25X018M^&4>-?5mV/sec©m&;t 

&Wj^fc«*S-rst?-^*ffi«1-4VKtBR*ti. lift 
M*0~1. 5 0®»*5 5S LT 

[0 0 7 8] SISS^J5 
HIJ5S0IJ 4 Tf§ftK*t#*» 6 250 x 70 x 1 5nn<DK&« W »? 

Ciitt*ffll\ «»ffiiaft90iC. }8ffijSKF-2HFfc«&tC 
«■& & £7A/dm 2 fSt»l»*ff*^fto *<Dt£Sk, 

[0 0 7 9] HfiEtflJ 6 
|ilfiS#IJ 4 T?f§/-=K ***** 5 250 x 70 x 1 5rnn©8#ft K> 

ft: LiF, LiF+NaF (*/UJt 1 : I ) , C s F 
+ NaF (^E/Ut 1 : 1) , AlFi + NaF (-t^Jrt 
3: 1)> M g F 2 , CaFi, N i F 2 + N a F 
i±2.: 1) o ^SMl±. ^S7 7(ki (X 
*^-©«»jaSt::iip?ftLT^e,Kj|4*}gia^i87-yft% 



(8) #Hfl¥ 5-5194 

[0080] ^mmm<omitun<o%nmit^ 

0, ffl?L4Hc±fe<0£Jg7-yft$J (X»iJS-&W) 
K^S^nT^S (jfcWfs: 1 0 0%) zntmwL 

tz 0 &rcmf&mt> 1 o 3mp a i:. ^mic^^m^ 

<ttf£. V Z C £ ft < tr L 5 ft tflS&tf ±H L /co 
[0 0 8 1] HJ&0IJ7 

«B?r8?&*9 0^ jSffifi£KF-2HFtciSf 
^lC«-5ftA^mi35^a7 A/dm 2 t'Sttll?^7 
ftofto *«tis(i*^rl«eSJ:0 0. 5-1 

V?S«£E^fS< , 3 *^W±fct>fcoT«#**2c£WU: 
ttttLfco ^7^t(0CF(^Mlll 
0 ppmfcTFlcfiifcftfco " • 

[00 8 2] 

c«wo»*3 ±ia©*S6ffa^&t.we»^a«fc3K:, ft 
tf 3Sje^50MPa«±7?fe o xmwan^-v^wsL^t^K. 

[0®©ffi*ftIttBJ] 

[0 1 ] mmm 1 (0*«Wtc«J:%K3RMn:oi/''TO 2 
[0 2 ] ifcttW 1 OgaMfiKO^T*) 2 5 ICiaBSK* 

[0 3] *«wo«»«ii©-flg«ortap*^«tt»r 

[0 4] 03<D I V-I V»fcrHrof;:<Klfe»rB50"l?S 

40 



(9) 



WrBBT 5-5194 




(10) 



wmw- 5 




